
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

02
2 

17
8

B
1

TEPZZ¥Z  _78B_T
(11) EP 3 022 178 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
26.12.2018 Bulletin 2018/52

(21) Application number: 14742481.6

(22) Date of filing: 17.07.2014

(51) Int Cl.:
C07D 209/88 (2006.01)

(86) International application number: 
PCT/EP2014/065360

(87) International publication number: 
WO 2015/007834 (22.01.2015 Gazette 2015/03)

(54) ENANTIOMERIC SEPARATION AND PURIFICATION OF 
2,3,4,9-TETRAHYDRO-1H-CARBAZOLE-4-CARBOXYLIC ACID AMIDE DERIVATIVES

ENANTIOMERENTRENNUNG UND -REINIGUNG VON 
2,3,4,9-TETRAHYDRO-1H-CARBAZOL-4-CARBONSÄUREAMID-DERIVATEN

SEPARATION ET PURIFICATION D’ENANTIOMERS DE DÉRIVÉS DE L’AMIDE CARBOXYLIQUE 
2,3,4,9-TETRAHYDRO-1H-CARBAZOLE-4

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 17.07.2013 GB 201312768

(43) Date of publication of application: 
25.05.2016 Bulletin 2016/21

(73) Proprietor: GE Healthcare Limited
Little Chalfont, Buckinghamshire HP7 9NA (GB)

(72) Inventors:  
• NILSEN, Sondre

N-0401 Oslo (NO)

• MANTZILAS, Dimitrios
N-1920 Sorumsand (NO)

(74) Representative: Bannan, Sally
GE Healthcare Limited 
Pollards Wood 
Nightingales Lane
Chalfont St Giles
Buckinghamshire HP8 4SP (GB)

(56) References cited:  
WO-A1-94/14772 WO-A1-2011/117421



EP 3 022 178 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field of the Invention

[0001] The present invention relates to a novel work-up procedure used in the synthesis of a particular class of chemical
compounds. The compounds are fused cyclic indole compounds that find use in particular as direct labelling precursor
compounds in the radiosynthesis of certain 18F-labelled positron-emission tomography (PET) tracers.

Description of Related Art

[0002] Translocator protein (TSPO) is an 18kD protein that is known to be mainly localised in peripheral tissues and
glial cells but its physiological function remains to be clearly elucidated. Subcellularly, TSPO is known to localise on the
outer mitochondrial membrane, indicating a potential role in the modulation of mitochondrial function and in the immune
system. It has furthermore been postulated that TSPO is involved in cell proliferation, steroidogenesis, calcium flow and
cellular respiration.
[0003] In studies examining the expression of TSPO in normal and diseased tissue, Cosenza-Nashat et al (2009
Neuropathol Appl Neurobiol; 35(3): 306-328) confirmed that TSPO expression in normal brain is minimal. This same
paper demonstrated that in disease states elevated TSPO was present in parenchymal microglia, macrophages and
some hypertrophic astrocytes, but the distribution of TSPO varied depending on the disease, disease stage and proximity
to the lesion or relation to infection. Microglia and macrophages are the predominant cell type expressing TSPO in
diseased brains, and astrocytes can also express TSPO in humans.
[0004] Ligands having affinity for TSPO are known in the art. A class of indole compounds having affinity for TSPO
(IC50 values for most active compounds of between 0.2nM and 5.0nM) is disclosed in US6451795 as useful for the
prevention or treatment of peripheral neuropathies and for the treatment of central neurodegenerative diseases. Okubu
et al (Bioorg Med Chem 2004; 12: 3569-80) describe the design, synthesis and structure of a group of tetracyclic indole
compounds having affinity for TSPO (IC50 values as low as about 0.4nM).
[0005] A class of labelled tetracyclic indole derivatives was reported by Arstad et al (WO 2007/057705) as having
nanomolar affinity for TSPO and therefore suitable for in vivo imaging of TSPO, e.g. in conditions such as Parkinson’s
disease, Alzheimer’s disease, multiple sclerosis, neuropathic pain, arthritis, asthma, atherosclerosis and cancer. Radi-
olabelled tricyclic indole derivatives were disclosed by Wadsworth et al (WO 2010/109007) and reported to have na-
nomolar affinity in an in vitro assay as well as good metabolic stability and uptake in the brain in vivo sufficiently high
and specific to indicate suitability of these compounds for application in in vivo imaging of TSPO expression in the central
nervous system (CNS). Wadsworth et al (Bioorg Med Chem Letts 2012; 22: 1308-1313) and Achanath et al (WO
2011/117421) went on to report that these advantageous properties for in vivo imaging of TSPO in the brain were even
more favourable in the S-enantiomer as compared to the racemate. WO 94/14772 A1 (Smithkline Beecham PLC) relates
to enantiomeric forms of certain tetrahydrocarbazole derivatives, processes for preparing them, pharmaceutical com-
positions containing them and their use in therapy.
[0006] Purification of separated enantiomers of the above-described cyclic indole derivatives has presented challenges
for the present inventors, in particular when trying to reproducibly obtain the purified enantiomer in a solid form when
gram-sized batches are being processed. The present inventors have encountered difficulties when trying to obtain
separated enantiomer in good quality solid form using the known rotary evaporation method, even when different solvents
and/or different rotary evaporation equipment and/or rotary evaporation conditions are tried. There is therefore a need
for an improved method for the purification of these compounds.

Summary of the Invention

[0007] The present invention provides a method for the purification of cyclic indole compounds that provides advantages
over currently used methods. Using the method of the present invention allows for the facile preparation of a good quality
powder form of these compounds that is very easy to dispense. The method of the invention is faster and more reproducible
compared to current methods.

Detailed Description of the Preferred Embodiments

[0008] In a first aspect the present invention provides a method comprising:

(i) separating an S-enantiomer from an R-enantiomer wherein said S-enantiomer and said R-enantiomer are provided
in a racemic mixture and wherein each of said S-enantiomer and said R-enantiomer is a compound of Formula I:
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wherein:

R1 is C1-4 alkylene-LG wherein LG is a leaving group;

R2 is hydrogen, hydroxyl, halo, cyano, C1-3 alkyl, C1-3 alkoxy, C1-3 fluoroalkyl, or C1-3 fluoroalkoxy;

R3 and R4 are independently C1-3 alkyl, C7-10 aralkyl, or R3 and R4, together with the nitrogen to which they are
attached, form a nitrogen-containing C4-6 aliphatic ring optionally comprising 1 further heteroatom selected from
nitrogen, oxygen and sulfur;

Y1 is O, S, SO, SO2 or CH2;

Y2 is CH2, CH2-CH2, CH(CH3)-CH2, CH2-CH2-CH2 or CH-(CH-CH2-CH-CH2)-CH;

said variable bond is above the plane for the S-enantiomer and below the plane for the R-enantiomer as illustrated
respectively in Formulas I-S and I-R:

(ii) dissolving one of said separated enantiomers in a suitable organic solvent; wherein said method is characterised
in that purification of said dissolved enantiomer comprises:

(iii) precipitating said dissolved enantiomer out of the solution obtained in step (ii) wherein said precipitating step
comprises addition of water; and,

(iv) isolating the precipitate obtained in step (iii).
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[0009] The term "separating" in the context of the method of the present invention refers to any method suitable for
the separation from a racemic mixture of an S-enantiomer from and R-enantiomer, also commonly referred to in the art
as "chiral resolution", "chiral separation" or "optical resolution". Various means are known for separating enantiomers
from a racemate, for example crystallisation and chromatography. For the method of the present invention chromatog-
raphy is preferred and in particular supercritical fluid chromatography (SFC). The term "supercritical fluid chromatography"
refers to a form of normal phase chromatography wherein the mobile phase is comprised of high pressure liquid or
supercritical carbon dioxide and a modifier such as methanol, ethanol, isopropyl alcohol, acetonitrile or chloroform.
[0010] Formula I in the case of said "S-enantiomer" is Formula I-S:

wherein each of R1-4 and Y1-2 is as defined for Formula I.
[0011] Formula I in the case of said "R-enantiomer" is Formula I-R:

wherein each of R1-4 and Y1-2 is as defined for Formula I and is the same as for Formula I-S when both are present in
the same racemate.
[0012] The term "racemic mixture" or "racemate" is a mixture that has equal amounts of S- and R-enantiomers of a
chiral molecule. The racemic mixture in the method of the present invention comprises equal amounts of said S-enan-
tiomer and said R-enantiomer.
[0013] The term "alkylene" refers to the bivalent group -(CH2)n- wherein n is preferably an integer from 1-4.
[0014] The term "leaving group" refers to an atom or group of atoms that is displaced as a stable species during a
substitution or displacement radiofluorination reaction. Examples of suitable leaving groups are the halogens chloro,
bromo and iodo, and the sulfonate esters mesylate, tosylate nosylate and triflate. Preferably, said leaving group is
selected from mesylate, tosylate and triflate, and is most preferably mesylate.
[0015] The term "hydroxyl" refers to the group -OH.
[0016] The term "halogen" or "halo-" means a substituent selected from fluorine, chlorine, bromine or iodine.
[0017] The term "cyano" refers to the group -CN.
[0018] Unless otherwise specified, the term "alkyl" alone or in combination, means a straight-chain or branched-chain
alkyl radical containing preferably from 1 to 3 carbon atoms. Examples of such radicals include, methyl, ethyl, and propyl.
[0019] Unless otherwise specified, the term "alkoxy" means an alkyl radical as defined above comprising an ether
linkage, and the term "ether linkage" refers to the group -C-O-C-. Examples of suitable alkyl ether radicals include,
methoxy, ethoxy, and propoxy.
[0020] "Fluoroalkyl" and "fluoroalkoxy" are alkyl and alkoxy groups, respectively, as defined above substituted with
one or more fluorine atoms. Suitably the fluorine replaces a hydrogen at the terminal end of the radical, i.e. -alkylene-
fluoro or -alkoxylene-fluoro.
[0021] The term "aralkyl" refers to the group -alkylene-phenyl wherein alkylene is as defined above.
[0022] A "nitrogen-containing C4-6 aliphatic ring" is a saturated C4-6 alkyl ring comprising a nitrogen heteroatom.
Examples include pyrolidinyl, piperidinyl and morpholinyl rings.
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[0023] The term "heteroatom" refers to a non-carbon atom that replaces a carbon in the backbone of the molecular
structure.
[0024] The following table illustrates the structure of Formula I for each Y2:

Y2 Formula I

CH2

 

CH2-CH2

 

CH(CH3)-CH2

 

CH2-CH2-CH2
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[0025] The term "suitable organic solvent" refers to any organic solvent in which the enantiomer of Formula I can be
dissolved. Suitable such organic solvents include alcohols, 1,4-dioxane, tetrahydrofuran or acetonitrile. The term "alco-
hols" includes well-known alcohol solvents such as ethanol, methanol, isopropanol, butanol and propanol.
[0026] The term "dissolving" refers to the process whereby a substance becomes incorporated into a liquid so as to
form a solution. In order for the dissolving step of the method of the invention to result in a solution of the separated
enantiomer of Formula I in the suitable organic solvent it may be required to apply heat. Suitably heat up to about 60°C
may be applied but in the range 30-40°C is typically sufficient to assist dissolution.
[0027] The term "precipitating" refers to the formation of a solid form of one or more solutes in a solution. The solid
formed is referred to in the art as the "precipitate" and the reagent used to form the solid is referred to in the art as the
"precipitant". In the method of the present invention water is the precipitant. In order for the precipitating step to go to
completion it may also be necessary to stir the solution and/or to apply heating and/or to apply cooling. In a similar way
to the dissolving step temperatures up to about 60°C may be applied for heating. When cooling is applied the range
0-10°C is typically suitable.
[0028] The term "isolating" refers to the process wherein the precipitate is separated from the remaining precipitate-
free solution (often referred to in the art as the "supernate"). This can be done using any well-known method for the
separation of a solid from a liquid but is most suitably carried out by filtration.
[0029] An additional benefit with the method of the first aspect of the present invention is that it is not required to carry
out any additional purification steps following isolation of the precipitate in step (iv). With the known rotary evaporation
method the present inventors observed an up-concentration of any impurities present in the reagents used. Additional
purification steps were therefore required in order to result in precursor of Formula I-S or I-R with an acceptable impurity
profile. Even with such further purification following known evaporation techniques, residual impurities remain, neces-
sitating reporting and qualification according to the ICH guidelines (which can be found at http://www.ich.org/prod-
ucts/guidelines/quality/article/quality-guidelines.html). This need for reporting and qualification is not required with the
methods of the present invention. Therefore, a facile means to obtain a good quality and solid form of compound of
Formula I-S or I-R with an improved impurity profile is provided.
[0030] R1 of Formula I is preferably bromo, chloro, iodo, tosylate, mesylate or triflate, most preferably bromo, tosylate,
mesylate or triflate and especially preferably mesylate.
[0031] R2 of Formula I is preferably hydrogen, halo, C1-3 alkoxy or C1-3 fluoroalkoxy, most preferably hydrogen, halo
or C1-3 alkoxy and especially preferably hydrogen, fluoro or methoxy. Where R2 is a substituent (i.e. not hydrogen) it is
preferably at the 5- or 6-position, and is most preferably selected from 5-methoxy, 6-methoxy, 5-fluoro and 6-fluoro.
[0032] R3 and R4 of Formula I are preferably independently methyl, ethyl or benzyl. In one embodiment R3 is methyl
and R4 is benzyl. In another embodiment R3 and R4 are both ethyl.
[0033] In one embodiment Y1 of Formula I is preferably S. When Y1 is S, Y2 of Formula I is preferably -CH-(CH-
CH2-CH-CH2)-CH-.
[0034] In another embodiment Y1 of Formula I is CH2. When Y1 of Formula I is CH2 Y2 of Formula I is preferably
-CH2-CH2-.
[0035] In one preferred embodiment of Formula I:

R1 of is bromo, chloro, iodo, tosylate, mesylate or triflate, preferably bromo, tosylate, mesylate or triflate and most
preferably mesylate;

R2 is hydrogen, halo, C1-3 alkoxy or C1-3 fluoroalkoxy, preferably hydrogen, halo or C1-3 alkoxy and most preferably
hydrogen, fluoro or methoxy;

(continued)

Y2 Formula I

CH-(CH-CH2-CH-CH2)-CH
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R3 and R4 are independently methyl, ethyl or benzyl, most preferably R3 is methyl and R4 is benzyl, alternatively
most preferably R3 and R4 are ethyl;

Y1 of Formula I is S; and,

Y2 of Formula I is -CH-(CH-CH2-CH-CH2)-CH-.

[0036] In another embodiment of Formula I:

R1 of is bromo, chloro, iodo, tosylate, mesylate or triflate, preferably bromo, tosylate, mesylate or triflate and most
preferably mesylate;

R2 is hydrogen, halo, C1-3 alkoxy or C1-3 fluoroalkoxy, preferably hydrogen, halo or C1-3 alkoxy and most preferably
hydrogen, fluoro or methoxy;

R3 and R4 are independently methyl, ethyl or benzyl, most preferably R3 is methyl and R4 is benzyl, alternatively
most preferably R3 and R4 are ethyl;

Y1 is CH2; and,

Y2 is -CH2-CH2-.

[0037] Each of the above-defined preferred embodiments of Formula I is equally applicable to the compounds of
Formula I-S and Formula I-R.
[0038] Examples of preferred compounds of Formula I include the following:
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[0039] Wherein OMs represents mesylate.
[0040] In each case, the S-enantiomer is preferred. The experimental examples below relate to compound 1 of Formula
I.
[0041] Compounds of Formula I can be obtained by methods known in the art.
[0042] Arstad et al (WO 2007/057705) report that fused tetracyclic indole compounds of Formula I may be obtained
by adapting the methods described by Okubo et al (Bioorg Med Chem 2004; 12: 3569-80).
[0043] Wadsworth et al (WO 2010/109007) report how to obtain fused tricyclic indole compounds of Formula I using
one of Scheme 1 or Scheme 2 below:

[0044] Wherein Et2O = diethyl ether; IPA = isopropyl alcohol; OTs = tosylate.
[0045] Alternatively, where R2 of Formula I is at the top position on the ring, the general synthetic route illustrated in
Scheme 2 below can be used:
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[0046] Wherein PG = protecting group; THF = tetrahydrofuran; KHMDS = Potassium bis(trimethylsilyl)amide; EtAc =
ethyl acetate; Pet = petroleum ether.
[0047] In the above Scheme 1 and Scheme 2, each of R1-4, Y1 and Y2 are as defined herein for Formula I. In Scheme
2 the group "-R11a-PG" represents a protected R1 group wherein R1 is as defined herein for Formula I and PG is a
protecting group. Suitable protecting groups are well-known in the art and are discussed in more detail by Theodora W.
Greene and Peter G. M. Wuts in "Protective Groups in Organic Synthesis" (Fourth Edition, John Wiley & Sons, 2007).
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[0048] Achanath et al (WO 2011/117421) describe methods suitable for carrying out the separating step of the present
invention including high performance liquid chromatography (HPLC), supercritical fluid chromatography (SFC), simulated
bed chromatography (SBC). A detailed assessment of the various techniques that may be applied for enantiomeric
separation can be found in "Chiral Separation Techniques: a Practical Approach" (2007 Wiley; Subramanian, Ed.). In a
preferred embodiment, the separating step of the present invention is carried out using SFC.
[0049] Preferably said organic solvent used in the method of the present invention is ethanol, methanol, isopropanol,
butanol, propanol, 1,4-dioxane, tetrahydrofuran or acetonitrile, preferably propanol, ethanol, methanol or acetonitrile.
[0050] In a second aspect, the present invention provides a method to obtain an 18F-labelled positron emission tom-
ography (PET) tracer of Formula II:

wherein R11 is C1-3 alkylene-18F;

and wherein each of R12-R14 and Y11-Y12 and said variable bond is as defined herein for R2-R4 and Y1-Y2 of Formula I;

wherein said method comprises the method as defined hereinabove, followed by reaction of a solution of said
precipitate obtained in step (iv) with a suitable source of 18F-fluoride.

[0051] A "PET tracer" is a chemical compound that comprises a positron-emitting isotope, wherein the chemical
compound is designed to target a particular physiology or pathophysiology in a biological system. The presence of the
positron-emitting isotope allows the PET tracer to be detected following administration to the biological system and
thereby facilitate detection of the particular physiology or pathophysiology. The PET tracer of Formula II is either the S-
or the R-enantiomer.
[0052] The term "suitable source of 18F-fluoride" means 18F-fluoride in a chemical form suitable for displacing LG of
Formula I in a nucleophilic substitution reaction to result in a compound of Formula II. 18F-fluoride is normally obtained
as an aqueous solution from the nuclear reaction 180(p,n)18F and is made reactive by the addition of a cationic counterion
and the subsequent removal of water. Suitable cationic counterions should possess sufficient solubility within the anhy-
drous reaction solvent to maintain the solubility of 18F-. Suitable counterions include large but soft metal ions such as
rubidium or caesium, potassium complexed with a cryptand such as Kryptofix™ 222 (K222), or tetraalkylammonium
salts. A preferred counterion is potassium complexed with a cryptand such as K222 because of its good solubility in
anhydrous solvents and enhanced 18F- reactivity.
[0053] A detailed discussion of well-known 18F labelling techniques can be found in Chapter 6 of the "Handbook of
Radiopharmaceuticals" (2003; John Wiley and Sons: M.J. Welch and C.S. Redvanly, Eds.).
[0054] In a preferred embodiment, the method to prepare the compound of Formula II is automated. [18F]-radiotracers
may be conveniently prepared in an automated fashion by means of an automated radiosynthesis apparatus. There are
several commercially-available examples of such apparatus, including Tracerlab™ and Fastlab™ (both from GE Health-
care Ltd.). Such apparatus commonly comprises a "cassette", often disposable, in which the radiochemistry is performed,
which is fitted to the apparatus in order to perform a radiosynthesis. The cassette normally includes fluid pathways, a
reaction vessel, and ports for receiving reagent vials as well as any solid-phase extraction cartridges used in post-
radiosynthetic clean up steps.
[0055] Examples of preferred compounds of Formula II include either the S- or the R-enantiomer of the following
compounds:



EP 3 022 178 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0056] The S-enantiomer of each of the above-illustrated compounds is especially preferred.
[0057] The invention is now illustrated by a series of non-limiting examples.

Brief Description of the Examples

[0058]

Example 1 describes the synthesis of a racemic mixture of the S-enantiomer and the R-enantiomer of compound
1 of Formula I.

Example 2 describes the separation of the S-enantiomer and the R-enantiomer of compound 1 of Formula I.

Comparative Example 3 describes the purification of the S-enantiomer of compound 1 of Formula I by rotary evap-
oration. The resultant purified S-enantiomer was very difficult to obtain in solid form by rotary evaporation, even
when the method was adapted by trying different solvents and rotary evaporation parameters.

Example 4 describes the purification of the S-enantiomer of compound 1 of Formula I by precipitation according to
the method of the invention.

List of Abbreviations used in the Examples

[0059]
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DMF dimethyl formamide

H hour(s)

HPLC high-performance liquid chromatography

IPA isopropyl alcohol

MeCN acetonitrile

MeOH methanol

min minute(s)

NMR nuclear magnetic resonance

RT room temperature

SFC supercritical fluid chromatography

THF tetrahydrofuran

Examples

Example 1: Synthesis of a racemic mixture of the S-enantiomer and the R-enantiomer of compound 1 of Formula I

Example 1 (a): Benzyloxy acetyl chloride

[0060] To benzyloxyacetic acid (10.0 g, 60.0 mmol, 8.6 mL) in dichloromethane (50 mL) was added oxalyl chloride
(9.1 g, 72.0 mmol, 6.0 mL) and DMF (30.0 mg, 0.4 mmol, 32.0 mL) and stirred at RT for 3 h. There was initially a rapid
evolution of gas as the reaction proceeded but evolution ceased as the reaction was complete. The dichloromethane
solution was concentrated in vacuo to give a gum. This gum was treated with more oxalyl chloride (4.5 g, 35.7 mmol,
3.0 mL), dichloromethane (50 mL), and one drop of DMF. There was a rapid evolution of gas and the reaction was stirred
for a further 2 h. The reaction was then concentrated in vacuo to afford 11.0 g (quantitative) of Benzyloxy acetyl chloride
as a gum. The structure was confirmed by 13C NMR (75 MHz, CDCl3) δC 73.6, 74.8, 128.1, 128.4, 128.6, 130.0, and 171.9.

Example 1(b): 2-Benzyloxy-N-(2-chloro-5-metnhoxy-phenyl) acetamide

[0061] Benzyloxy acetyl chloride (11.0 g, 60.0 mmol) and 2-chloro-5-methoxyaniline hydrochloride (11.7 g, 60.2 mmol)
in dichloromethane (100 mL) at 0°C, was stirred and triethylamine (13.0 g 126.0 mmol, 18.0 mL) added slowly over 15
min. The stirred reaction was allowed to warm to RT over 18 h. There was a heavy precipitation of triethylamine hydro-
chloride. The dichloromethane solution was washed with 10% aqueous potassium carbonate (50 mL), dried over mag-
nesium sulfate and concentrated in vacuo to afford 18.9 g (quantitative) of 2-Benzyloxy-N-(2-chloro-5-methoxy-phenyl)
acetamide as a gum. The structure was confirmed by 13C NMR (75 MHz, CDCl3): δC 55.6, 69.6, 73.6, 106.2, 111.1,
114.1, 127.7, 128.3, 128.6, 129.2, 134.6, 136.5, 158.9, and 167.7.

Example 1(c): (2-Benzyloxy-ethyl)-(2-chloro-5-methoxyphenyl) amine

[0062] 2-Benzyloxy-N-(2-chloro-5-methoxy-phenyl) acetamide (18.9 g, 62.0 mmol) in THF (100 mL) was stirred and
lithium aluminium hydride (4.9 g, 130.0 mmol) was added slowly over 15 min. There was a rapid evolution of hydrogen
gas as the first of the lithium aluminium hydride was added. The reaction was then heated to reflux for 4 h and allowed
to stand at RT over the weekend. The reaction was then quenched by the dropwise addition of water (50 mL) to the
stirred solution. There was a violent evolution of hydrogen causing the reaction mixture to reflux. The reaction was then
concentrated in vacuum to a slurry. Water (200 mL) and ethyl acetate (200 mL) were added and the mixture vigorously
shaken. The reaction was then filtered through celite to remove the precipitated aluminium hydroxide and the ethyl
acetate solution was separated, dried over magnesium sulfate and concentrated in vacuo to afford 18.4 g (quantitative)
of (2-Benzyloxy-ethyl)-(2-chloro-5-methoxyphenyl) amine as a gum. The structure was confirmed by 13C NMR (75 MHz,
CDCl3) δC 43.3, 55.3, 68.2, 73.0, 98.1, 101.8, 111.6, 127.6, 127.7, 128.4, 129.3, 137.9, 144.8, and 159.5.
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Example 1(d): 3-Bromo-2-hydroxy-cyclohex-1-enecarboxylic acid ethyl ester

[0063] Ethyl 2-oxocyclohexanecarboxylate (30 g, 176 mmol, 28 mL) was dissolved in diethyl ether (30 mL) and cooled
to 0°C under nitrogen. Bromine (28 g, 176 mmol, 9.0 mL) was added dropwise over 15 min and the reaction mixture
was allowed to warm to RT over 90 min. The mixture was slowly poured into ice-cold saturated aqueous potassium
carbonate (250 mL) and extracted with ethyl acetate (3 x 200 mL). The combined organic layers were dried over mag-
nesium sulfate, filtered, concentrated in vacuo and dried on the vacuum line for 18 h to afford 41.4 g (94%) of 3-Bromo-
2-hydroxy-1-enecarboxylic acid ethyl ester as a yellow oil. The structure was confirmed by 13C NMR (75 MHz, CDCl3):
δC 14.1, 17.7, 21.8, 32.0, 60.0, 60.8, 99.7, 166.3, and 172.8.

Example 1(e): 3[(2-Benzyloxy-ethyl)-(2-chloro-5-methoxy-phenyl)-amino]-2-hydroxy-cyclohex-1-ene carboxylic acid 
ethyl ester

[0064] (2-Benzyloxy-ethyl)-(2-chloro-5-methoxyphenyl) amine (10.0 g, 34.2 mmol) was stirred in dry THF (100 mL) at
-40°C under nitrogen and potassium bis(trimethylsilyl) amide (143.0 mL of a 0.5 M solution in toluene, 72.0 mmol) was
added over 30 min. 3-bromo-2-hydroxycyclohex-1-enecarboxylic acid ethyl ester (8.5 g, 34.2 mmol) in dry THF (10 mL)
was then added and allowed to warm to RT over a period of 1.5 h. Acetic acid (10.0 g, 166 mmol, 10.0 mL) was added
and concentrated in vacuo to remove the THF. Ethyl acetate (200 mL) and 10% aqueous potassium carbonate (100
mL) was added and the mixture vigorously shaken. The ethyl acetate solution was separated, dried over magnesium
sulfate and concentrated in vacuo to afford 16.5 g (quantitative) of 3 [(2-Benzyloxy-ethyl)-(2-chloro-5-methoxy-phe-
nyl)-amino]-2-hydroxy-cyclohex-1-ene carboxylic acid ethyl ester as a gum which was used crude in the next step. HPLC
(Gemini 150 x 4.6 mm, 50-95% methanol/water over 20 min) of crude reaction mixture, 18.9 min (38%), 19.2 min (25%),
23.1 min (28%).
[0065] One component of the reaction was isolated 13C NMR (75 MHz, CDCl3) δC 14.3, 20.6, 21.8, 26.4, 38.6, 43.0,
55.8, 60.5, 68.7, 73.3, 93,4, 106.3, 108.2, 119.3, 121.5, 127.5, 127.6, 128.3, 135.7, 137.0, 137.9, 155.7, and 175.0.

Example 1(f): 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid ethyl ester

[0066] Zinc chloride (7.1 g, 52.0 mmol) was added to 3[(2-Benzyloxy-ethyl)-(2-chloro-5-methoxy-phenyl)-amino]-2-
hydroxy-cyclohex-1-ene carboxylic acid ethyl ester (8.0 g, 17.0 mmol) in dry diethyl ether (150 mL) under nitrogen and
heated at reflux for 5.5 h. As the reaction was refluxed a thick brown dense oil formed in the reaction. The reaction was
then cooled and the supernatant diethyl ether decanted off, ethyl acetate (100 mL) was added, washed with 2 N HCl
(50 mL) and with 10% aqueous potassium carbonate (50 mL). The diethyl ether layer was separated, dried over mag-
nesium sulfate and concentrated in vacuo to afford an oil (2.0 g). The crude material was purified by silica gel chroma-
tography eluting with petrol (A): ethyl acetate (B) (10-40% (B), 340 g, 22 CV, 150 mL/min) to afford 1.8 g of 9-(2-Benzyloxy-
ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid ethyl ester. The thick dense brown layer
was treated with ethyl acetate (100 mL) and 2 N HCl (50 mL). The ethyl acetate solution was separated, washed with
10% aqueous potassium carbonate (50 mL), dried over magnesium sulfate and concentrated in vacuo to give an oil (5.2
g). Diethyl ether (100 mL) and anhydrous zinc chloride (7.0 g) were added. The mixture was heated at reflux for a further
5 days. The ether layer was decanted off from the dark gum, was washed with 2 N HCl (50 mL), dried over magnesium
sulfate and concentrated in vacuo to give a gum (2.8 g). This gum was purified by silica gel chromatography eluting with
petrol (A): ethyl acetate (B) (5-35% (B), 340 g, 150 mL/min) to afford 2.1 g of 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-
2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid ethyl ester. Total material obtained was 4.1 g (50%) of 9-(2-Benzy-
loxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid ethyl ester. The structure was con-
firmed by 13C NMR (75 MHz, CDCl3): δC 14.4, 20.5, 22.3, 27.5, 40.2, 43.9, 55.0, 60.2, 70.7, 73.3, 100.2, 107.5, 108.4,
120.1, 122.8, 127.4, 127.5, 128.2, 132.0, 137.4, 138.1, 152.6, and 175.8.

Example 1(g): 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid

[0067] To 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid ethyl ester
(2.0 g, 4.1 mmol) in ethanol (50 mL) was added sodium hydroxide (1.1 g, 27.1 mmol) and water (5 mL) and heated at
80°C for 18 h. The ethanol was then removed by evaporation in vacuo and the residue partitioned between diethyl ether
(50 mL) and water (50 mL). The diethyl ether layer was separated, dried over magnesium sulfate and concentrated in
vacuo to give a gum (71.0 mg). The aqueous layer was acidified to pH 1 with 2N HCl (20 mL) and extracted with
dichloromethane (2 x 100 mL). The dichloromethane layer was dried over magnesium sulfate and concentrated in vacuo
to afford 1.6 g (87%) of 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid
as a foam. The structure was confirmed by 13C NMR (75 MHz; CDCl3): δC 20.2, 22.2, 27.1, 39.7, 44.0, 55.1, 70.7, 73.3,
100.6, 106.3, 108.9, 123.0, 127.4, 127.5, 128.3, 132.0, 138.0, and 152.0.
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Example 1(h): 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carbonyl chloride

[0068] 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carboxylic acid (7) (1.5 g, 3.7
mmol) was dissolved in dichloromethane (50 mL) and oxalyl chloride (700 mg, 5.5 mmol, 470 mL) and DMF (1 drop)
were added and the reaction stirred at 20°C for 2 h. There was a moderate evolution of gas for about 30 min as the
reaction proceeded. The reaction was then concentrated in vacuo to give 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-
2,3,4,9,-tetrahydro-1H-carbazole-4-carbonyl chloride as a gum which was used into the next step without purification.
The structure was confirmed by 13C NMR (75 MHz; CDCl3): δC 20.8, 22.1, 26.4, 44.2, 51.8, 55.1, 70.7, 73.3, 100.7,
106.0, 108.6, 119.5, 123.4, 127.3, 127.7, 128.3, 131.9, 138.0, 138.2, 152.0. and 176.3.

Example 1(i): 9-(2-Benxyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethyla-
mide

[0069] 9-(2-Benzyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9,-tetrahydro-1H-carbazole-4-carbonyl chloride (1.6 g, 3.7
mmol) was then dissolved in dichloromethane (50 mL), cooled to 0°C, stirred and diethylamine (810 mg, 11.0 mmol, 1.1
mL) was added dropwise. The reaction was allowed to warm to room temperature over a period of 18 h. The reaction
mixture was then washed with 10% aqueous potassium carbonate (50 mL), separated, dried over magnesium sulfate
and concentrated in vacuo to a gum. The crude material was crystallized from diethyl ether to afford 1.2 g (71%) of 9-(2-
Benxyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamide as a white crys-
talline solid. The structure was confirmed by 13C NMR (75 MHz; CDCl3): δC 13.0, 14.5, 19.8, 22.2, 27.9, 36.4, 40.4, 41.9,
43.8, 55.0, 70.8, 73.3, 100.2, 108.5, 108.6, 119.9, 122.5, 127.4, 127.5, 128.3, 131.5, 137.8, 138.2, 152.4, and 174.5.

Example 1(j): 9-(2-Benzyloxy-ethyl)-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine

[0070] 9-(2-Benxyloxy-ethyl)-8-chloro-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamide
(1.0 g, 2.1 mmol) in methanol (100 ml) was shaken with 10% palladium on charcoal (1.0 g), triethylamine (2.9 mg, 2.9
mmol, 4 mL) under an atmosphere of hydrogen gas for 18h at 55°C. The reaction was then filtered through a pad of
celite and the filtrate concentrated in vacuo to give a gum (908 mg). The gum was then taken up in dichloromethane
(100 ml) and washed with 5% aqueous potassium carbonate solution (50 ml). The dichloromethane solution was then
separated, dried over magnesium sulfate and concentrated in vacuo to afford a gum. The gum was then crystallised
from diethyl ether (50ml) and the crystals collected by filtration to afford 523 mg (57%) of 9-(2-Benzyloxy-ethyl)-5-
methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine. The structure was confirmed by 13C NMR (75
MHz; CDCl3): δC 13.1, 14.6, 20.1, 22.0, 28.1, 36.4, 40.5, 42.0, 43.0, 54.7, 68.8, 73.3, 99.4, 102.4, 107.8, 116.4, 121.2,
127.6,127.6, 128.3, 135.6, 137.8, 138.0 153.6, and 175.0.

Example 1(k): 9-(2-hydroxyethyl)-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine

[0071] 9-(2-Benzyloxy-ethyl)-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine (1.0 g, 2.1
mmol) in methanol (50 ml) was shaken with 10% palladium on charcoal (300 mg), and hydrogen gas excess for 18h at
55°C. The reaction was then filtered through a pad of celite and the filtrate concentrated in vacuo to give 578 mg (100%)
9-(2-hydroxyethyl)-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine as a foam. The structure
was confirmed by 13C NMR (75 MHz; CDCl3): δC 13.0, 14.4, 20.0, 22.0, 28.0, 36.4, 40.6, 42.0, 54.7, 60.6, 99.2, 102.6,
107.0, 116.7, 121.1, 136.1, 137.5, 138.0 153.5, and 175.7.

Example 1(l): Methanesulphonic acid 2-(4-diethylcarbamyl-5-methoxy-1,2,3,4-tetrahydro-carbazol-9-yl) ethyl ester (ra-
cemic mixture of the S-enantiomer and the R-enantiomer of compound 1 of Formula I)

[0072] 9-(2-Hydroxyethyl)-5-methoxy-2,3,4,9-tetrahydro-1H-carbazole-4-carboxylic acid diethylamine (478 mg, 1.4
mmol) in dichloromethane (30 ml) was cooled to 0°C and methanesulfonyl chloride (477 mg, 4.2 mmol, 324 mL) and
triethylamine (420 mg, 4.2 mmol, 578 mL) were added and allowed to warm to RT overnight. The reaction was washed
with 5% aqueous potassium carbonate solution. The layers were separated. The combined organics were dried over
magnesium sulfate and concentrated in vacuo to give a gum (696 mg). The crude material was purified by silica gel
chromatography eluting with petrol (A): ethyl acetate (B) (75-100% B, 22 CV, 120 g, 85 mL/min) to afford Methanesul-
phonic acid 2-(4-diethylcarbamyl-5-methoxy-1,2,3,4-tetrahydro-carbazol-9-yl) ethyl ester as a gum that crystallised from
diethyl ether to give 346 mg (59%) of a colourless solid. The structure was confirmed by 13C NMR (75 MHz; CDCl3): δC
13.1, 14.5, 20.0, 21.9, 28.0, 36.3, 36.7, 40.3, 41.8, 41.9, 54.7, 68.1, 100.0, 102.0, 109.0, 116.4, 122.0 135.1, 137.3,
153.8, and 174.6.
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Example 2: Separation of Precursor Compound 1 from its Alternative Enantiomer

[0073]

[0074] The racemic mixture of Precursor Compound 1 and its alternative enantiomer (obtained as described in Example
1) was separated into its enantiomers using chiral supercritical fluid (CO2) chromatography on a Kromasil Amycoat,
250x10 mm, 5 mm, 100 Å column using 30 % IPA at 40°C at 13ml a min with a run time of 6 min. 60 mg of the racemate
was dissolved in 1.4-Dioxane (2ml) and up to 200 ml at a time was as injected for each run. Baseline separation between
the two enantiomers was achieved. Analytical HPLC determination of the enantiomeric purity of the two separated
enantiomers on an IC from Chiral Technologies, 250x4.6 mm, 5 mm, run isocratic, 80:20 - MeOH: IPA at 0.5 ml / min
and room temperature indicated an enantiomeric purity of 99.5% of each of the enantiomers.

Comparative Example 3: Purification of Precursor Compound 1 by Rotary Evaporation

[0075] Precursor Compound 1 and its alternative enantiomer, separated according to the method described in Example
2, were isolated using a rotary evaporator (Heidolph) under reduced pressure (< 10mBar) with a water bath temperature
of 39 °C 6 1 °C.
[0076] < 5 g batches were subjected to rotary evaporation using a bench top rotary evaporator and small size rotary
evaporator flasks (1-2 L). No solids were formed, only oils.
[0077] In an effort to obtain solid product, the flasks containing the oils were placed in a vacuum oven (Yamato) at 30
°C overnight to try and remove any residual solvent that may have been present. Both enantiomers were then removed
from the oven and redissolved in isopropanol (40ml) and filtered into a clean flask using a 0.2 micron filter with syringe.
The flask was then placed back onto the rotary evaporator to dry at 39 °C. Upon drying both enantiomers again formed oils.
[0078] The evaporation was attempted by dissolving the enantiomers in different solvents (MeCN and alcohols) or in
a mixture of solvents. In addition rotary evaporator flask size and rotary evaporation parameters were screened (vacuum,
rotation speed and water bath temperature). None of these strategies yielded solid product.

Example 4: Purification of Precursor Compound 1 by Precipitation According to the Invention

[0079] 1.6 g of Precursor Compound 1 (the first eluting enantiomer during SFC as described in Example 2) was
dissolved into 17 ml of 2-Propanol at 35 °C. The resulting solution was diluted slowly with USP water (34 ml) resulting
in a precipitate. The mixture was stirred at room temperature for approximately 1 hour followed by stirring at 0 - 10 °C
for approximately 30 minutes. The precipitated solids collected by filtration and allowed to suction dry on a funnel and
vacuum dried at 60 6 5 °C affording 1.45 g (91 % recovery).
[0080] The same method was carried out with ethanol/water, methanol/water and MeCN/water with similar results.

Claims

1. A method comprising:

(i) separating an S-enantiomer from an R-enantiomer wherein said S-enantiomer and said R-enantiomer are
provided in a racemic mixture and wherein each of said S-enantiomer and said R-enantiomer is a compound
of Formula I:
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wherein:

R1 is C1-4 alkylene-LG wherein LG is a leaving group;
R2 is hydrogen, hydroxyl, halo, cyano, C1-3 alkyl, C1-3 alkoxy, C1-3 fluoroalkyl, or C1-3 fluoroalkoxy;
R3 and R4 are independently C1-3 alkyl, C7-10 aralkyl, or R3 and R4, together with the nitrogen to which they
are attached, form a nitrogen-containing C4-6 aliphatic ring optionally comprising 1 further heteroatom
selected from nitrogen, oxygen and sulfur;
Y1 is O, S, SO, SO2 or CH2;
Y2 is CH2, CH2-CH2, CH(CH3)-CH2, CH2-CH2-CH2 or CH-(CH-CH2-CH-CH2)-CH to provide the following
compounds of Formula I:

CH2

 

CH2-CH2

 

CH(CH3)-CH2
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said variable bond is above the plane for the S-enantiomer and below the plane for the R-enantiomer as
illustrated respectively in Formulas I-S and I-R:

(ii) dissolving one of said separated enantiomers in a suitable organic solvent; wherein said method is charac-
terised in that purification of said dissolved enantiomer comprises:
(iii) precipitating said dissolved enantiomer out of the solution obtained in step (ii) wherein said precipitating
step comprises addition of water; and,
(iv) isolating the precipitate obtained in step (iii).

2. The method as defined in Claim 1 wherein R1 is bromo, chloro, iodo, tosylate, mesylate, nosylate or triflate.

(continued)

CH2-CH2-CH2

 

CH-(CH-CH2-CH-CH2)-CH
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3. The method as defined in Claim 1 wherein R2 is hydrogen, halo, C1-3 alkoxy or C1-3 fluoroalkoxy.

4. The method as defined in any one of Claims 1-3 wherein R3 and R4 are independently methyl, ethyl or benzyl.

5. The method as defined in any one of Claims 1-4 wherein Y1 is S.

6. The method as defined in Claim 5 wherein Y2 is CH-(CH-CH2-CH-CH2)-CH.

7. The method as defined in any one of Claims 1-4 wherein Y1 is CH2.

8. The method as defined in Claim 7 wherein Y2 is CH2-CH2.

9. The method as defined in any one of Claims 1-8 wherein said separating is carried out by supercritical fluid chro-
matography (SFC).

10. The method as defined in any one of Claims 1-9 wherein said organic solvent is an alcohol, 1,4-dioxane, tetrahy-
drofuran or acetonitrile.

11. The method as defined in Claim 10 wherein said organic solvent is selected from 2-propanol, ethanol, methanol
and acetonitrile.

12. A method to obtain an 18F-labelled PET tracer of Formula II:

wherein R11 is C1-3 alkylene-18F;
and wherein each of R12-R14 and Y11-Y12 is as defined for R2-R4 and Y1-Y2 in Claim 1;
wherein said method comprises the method as defined in any one of Claims 1-11 followed by reaction of a
solution of said precipitate obtained in step (iv) with a suitable source of 18F-fluoride.

13. The method as defined in Claim 12 which is automated.

Patentansprüche

1. Verfahren, umfassend:

(i) Abtrennen eines S-Enantiomers von einem R-Enantiomer, wobei das S-Enantiomer und das R-Enantiomer
in einem racemischen Gemisch bereitgestellt werden und wobei jedes von dem S-Enantiomer und dem R-
Enantiomer eine Verbindung der Formel I ist:
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worin:

R1 C1-4-Alkylen-LG ist, worin LG eine Abgangsgruppe ist;
R2 Wasserstoff, Hydroxyl, Halogen, Cyano, C1-3-Alkyl, C1-3-Alkoxy, C1-3-Fluoralkyl oder C1-3-Fluoralkoxy
ist;
R3 und R4 unabhängig C1-3-Alkyl, C7-10-Aralkyl sind, oder R3 und R4 zusammen mit dem Stickstoff, an den
sie gebunden sind, einen stickstoffhaltigen aliphatischen C4-6-Ring bilden, der gegebenenfalls ein weiteres
Heteroatom, ausgewählt aus Stickstoff, Sauerstoff und Schwefel, umfasst;
Y1 O, S, SO, SO2 oder CH2 ist;
Y2 CH2, CH2-CH2, CH(CH3)-CH2, CH2-CH2-CH2 oder CH-(CH-CH2-CH-CH2)-CH ist, um die folgenden
Verbindungen der Formel I bereitzustellen:

CH2

 

CH2-CH2

 

CH(CH3)-CH2
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wobei die variable Bindung oberhalb der Ebene für das S-Enantiomer und unterhalb der Ebene für das R-
Enantiomer liegt, wie jeweils in den Formeln I-S und I-R dargestellt:

(ii) Lösen eines der getrennten Enantiomere in einem geeigneten organischen Lösungsmittel;
wobei das Verfahren dadurch gekennzeichnet ist, dass die Reinigung des gelösten Enantiomers umfasst:
(iii) Ausfällen des gelösten Enantiomers aus der in Schritt (ii) erhaltenen Lösung, wobei der Ausfällungsschritt
die Zugabe von Wasser umfasst; und
(iv) Isolieren des in Schritt (iii) erhaltenen Niederschlags.

2. Verfahren nach Anspruch 1, wobei R1 Brom, Chlor, Iod, Tosylat, Mesylat, Nosylat oder Triflat ist.

3. Verfahren nach Anspruch 1, wobei R2 Wasserstoff, Halogen, C1-3-Alkoxy oder C1-3-Fluoralkoxy ist.

4. Verfahren nach einem der Ansprüche 1-3, wobei R3 und R4 unabhängig voneinander Methyl, Ethyl oder Benzyl sind.

(fortgesetzt)

CH2-CH2-CH2

 

CH-(CH-CH2-CH-CH2)-CH
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5. Verfahren nach einem der Ansprüche 1-4, wobei Y1 S ist.

6. Verfahren nach Anspruch 5, wobei Y2 CH-(CH-CH2-CH-CH2)-CH ist.

7. Verfahren nach einem der Ansprüche 1-4, wobei Y1 CH2 ist.

8. Verfahren nach Anspruch 7, wobei Y2 CH2-CH2 ist.

9. Verfahren nach einem der Ansprüche 1-8, wobei die Trennung durch überkritische Flüssigkeitschromatographie
(SFC) durchgeführt wird.

10. Verfahren nach einem der Ansprüche 1-9, wobei das organische Lösungsmittel ein Alkohol, 1,4-Dioxan, Tetrahy-
drofuran oder Acetonitril ist.

11. Verfahren nach Anspruch 10, wobei das organische Lösungsmittel aus 2-Propanol, Ethanol, Methanol und Acetonitril
ausgewählt ist.

12. Verfahren zur Gewinnung eines 18F-markierten PET-Tracers der Formel II:

worin R11C1-3-Alkylen-18F ist;
und worin jedes von R12-R14 und Y11-Y12 wie für R2-R4 und Y1-Y2 in Anspruch 1 definiert ist;
wobei das Verfahren das Verfahren nach einem der Ansprüche 1-11 umfasst, gefolgt von der Reaktion einer
Lösung des in Schritt (iv) erhaltenen Niederschlags mit einer geeigneten Quelle von 18F-Fluorid.

13. Verfahren nach Anspruch 12, das automatisiert ist.

Revendications

1. Procédé comprenant :

(i) séparer un énantiomère S d’un énantiomère R dans lequel ledit énantiomère S et ledit énantiomère R sont
apportés en mélange racémique et dans lequel chaque énantiomère S ou énantiomère R est un composé de
Formule I :
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dans laquelle :

R1 représente un groupe alkylène-LG en C1-4 dans lequel LG représente un groupe partant ;
R2 représente un hydrogène, un hydroxyle, un halogène, un cyano, un alkyle en C1-3, un alcoxy en C1-3,
un fluoroalkyle en C1-3 ou un fluoroalcoxy en C1-3;
R3 et R4 sont indépendamment des groupes alkyle en C1-3, aralkyle en C7-10, ou R3 et R4, conjointement
avec l’azote auquel ils sont liés, forment un cycle aliphatique en C4-6 contenant de l’azote comprenant
optionnellement 1 autre hétéroatome choisi parmi l’azote, l’oxygène et le soufre ;
Y1 est O, S, SO, SO2 ou CH2 ;
Y2 est CH2, CH2-CH2, CH(CH3)-CH2, CH2-CH2-CH2 ou CH-(CH-CH2-CH-CH2)-CH pour fournir les com-
posés suivants de formule I :

CH2

 

CH2-CH2

 

CH(CH3)-CH2

 

CH2-CH2-CH2
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ladite liaison variable est au-dessus du plan pour l’énantiomère S et au-dessous du plan pour l’énantiomère
R, comme illustré respectivement dans les Formules I-5 et I-R :

(ii) la dissolution d’un desdits énantiomères séparés dans un solvant organique approprié ;
dans lequel ledit procédé est caractérisé en ce que la purification dudit énantiomère dissous comprend :
(iii) la précipitation dudit énantiomère dissous hors de la solution obtenue à l’étape (ii) où ladite étape de
précipitation comprend l’addition d’eau ; et
(iv) isoler le précipité obtenu à l’étape (iii).

2. Procédé selon la revendication 1, dans lequel R1 est un bromo, un chloro, un iodo, un tosylate, un mésylate, un
nosylate ou un triflate.

3. Procédé selon la revendication 1, dans lequel R2 est un hydrogène, un halogène, un alcoxy en C1-3 ou un fluoroalcoxy
en C1-3.

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel R3 et R4 sont indépendamment un groupe
méthyle, éthyle ou benzyle.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel Y1 est S.

(suite)

CH-(CH-CH2-CH-CH2)-CH
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6. Procédé selon la revendication 5, dans lequel Y2 est CH-(CH-CH2-CH-CH2)-CH.

7. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel Y1 est CH2.

8. Procédé selon la revendication 7, dans lequel Y2 est CH2-CH2.

9. Procédé selon l’une quelconque des revendications 1 à 8, dans lequel ladite séparation est effectuée par chroma-
tographie en phase fluide surpercritique (SFC).

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel ledit solvant organique est un alcool, le 1,4-
dioxane, le tétrahydrofurane ou l’acétonitrile.

11. Procédé selon la revendication 10, dans lequel ledit solvant organique est choisi parmi le 2-propanol, l’éthanol, le
méthanol et l’acétonitrile.

12. Procédé pour obtenir un traceur PET marqué au 18F de Formule II :

dans laquelle R11 est un alkylène-18F en C1-3;
et où chacun de R12-R14 et Y11-Y12 est tel que défini pour R2-R4 et Y1-Y2 dans la revendication 1,
dans lequel ledit procédé comprend le procédé tel que défini dans l’une quelconque des revendications 1 à 11,
suivi de la réaction d’une solution dudit précipité obtenue à l’étape (iv) avec une source appropriée de fluorure 18F.

13. Procédé selon la revendication 12 qui est automatisé.
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